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(54) MuWf undion Intelliflent electronic device and method 



(57) A multifunction Intolffgent electronic device 
(lEP) 10 monitors and rapaiTS signals including utj^lty 
metering. Jiamionic Bpectrum, digital fault recording 
(DFFI). and supervisory control and data acquisition 
(SCADA) functions. The lED Includes an A.C. subsys- 
tem (82) , a digital «lgnal proceeding system (84) for 
procBSSjng data recelvad by the A.C. subsystem, and a 
mlereproce3aorsyatem(8e)forcontrollingvartoustunc- 
tlons ot tna lED. TTia lED |s capable of direct connection 



to a field aer»sor on a d|8tn"biit]on circuit The A.C, sub- 
system (82) of the lED Includes a plurality of transform- 
srs (T"!. T2, T3), each transforfiier operating with re- 
spect to one phase (phase 1 , phase 2, phase 0) of a 
power lino, and a pluralily of switching circuits (U2, U3, 
U4), each switching circuit lo coupled to e reapectlvo 
tranaformer and capable of switching to fjrat or aacond 
poattlone depending on whether the current at the pri- 
mary circuit of a respective tmnsformer is in a metering 
range or In an ovsrcurrent (DpR) nango. 
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.|;Pc8er1|itren 

-ii [0001] invention ro^atea to a method and appa- 
": mms tor monltoUng ^lectric signal on a dlstri&otlon cjr- 
'■ cult and. more particulariy, II relatsB to a rnultlTundion 

Intslligsnt electronic device {\B0) for performing utnity 
• . metering, harmonic content, digital fault recording 

pFP), and fiuporvfaory comroi and data acquisition 

(SCADA) functions. 

J0002] Electric utilfly power muBt bo monitored and 

• controlled to ensure proper operational performance. It 

• also tje controljod In raal-tlma to penmrt switching 
i tor maintenance, Improved utllteaflon 3nd effldanc/j 

• and (n rosponse to situations that may compromise 
i safety. Electric utility powormust also be motar ed atvar- 
i ious polnt»for ravenge purposes and also to ensiir»that 

c|[^ft» ara optlmatly loadad. Wtm the proliferation of 
5 CDmputeraquipmerTl;and electronic controllers for motor 

• drivers, utility drcuita are littered wjth unwanted eignal* 

• called "harmonicg". Those hanponics rnuet be identified 
and controlled to prevent equipment disturtianoos and 

' failures. A« thasa m«tered and harrnonlc sign a(a are rei- 
. atlvaly amall In magnitude, fray mua* roportad with 
high precjalon wnhffl a range that is typicany lennad as 
!; tha "nominal' ranflSi Further, power Ones are subjected 
' to various dleiurbancea as a result of riaturaJ and envl- 
ronme aial olToctB such as iigtitning, high v»rtnds. Ice joadf 
rodents, birds, etc, Man rpade circiinrwtancea auch as 
' vahicular acpidems further add to these disturbances. 

[0003] In contrasn to hannonic end metered «igrials, 
'■ disturbance signals are ueualjy Iprge In magnitude and 
occMfwtthln a rangethat Is typically Tormad asthe^over- 
current' range. The "ovsrcarrent* range spans from "2 
; - A2!' times the "nominal range". Electric utilities require 
: equlpmontthatcan accurately, safely, and econom'oaily 
contitil power Unas In addition to recording and reporting 
; both materlr g end dlsti^ rhance Information . 

[OOOfl With respect to metering and DFR functions. 
: ' kficwn mettioda typically call for separate equipment 
, units to carry out utility meiDeiring, hamionio apectrum 
[. and diaturbancs functions due to the inabtflty of an Inte- 
. grated device to perfon^ multiple tuncttena in the re- 
quired range of msasuromant- Prior methods accom- 
pliahad utility metering and harmonic spectrum fupc- 
. tions with metering devices, whjla disturbance recording 
.;; functions wero accomplished using a d'rfTerent appara- 
' tus such as a digital fault recorder (DFR). These devices 
Iniarfacod to the power Unas via potential transformB'^ 
(PTs) and current transformara (CTs). Gniploying multl- 
pie devices to perform a pluraljiy of functions requires 
1 more installation room and increased onglneering, com- 
.j: missioning, and maintenance costs, 
li [0005] Accordingly, the exemplary apparatus de- 
I scribed herein provides a multifunction Intenigerit elec- 
tronic device (lED) and method for parfonmlng such 
functions as utility meicnng, harmonic content, digital 
fault recording (DFR). and SCAD Afuqctlon* over an en- 
V tlra ciflTant range for multiple primary equipment, auch 

'!i 

j: 



asforexamplaT*»nii^"nlcatlqn devices, and equipment 
having a plurality of digital Inpula, tranaducerleas AC an- 
alog Inputs to nameafew.Ttie lED niay be directly con- 
nected to voltage and current aenaors on a distrtbutlon 
s circuit to monitor eloctdo signala. 

[0006] Input da^tromfiald transfomnera, suchaacur- 
TBnt Tranaformera (CTs) and potential transformere 
(FTs), is received by an A.C- Input sut>^ystem Which is 
coupled to tleW transformers through a field Interface 
w terminal unit, the A.c. Input subsystem Is coupled to a 
digital signal processor (pSP) system to process The dar 
ta received from th« field transformers tor monitoring 
and reporting utility metjannai hannonic content, and 
DFI=lfunCdona* The DSP subsystem converts tho ana- 
« log input algnab Into digital representations using a 
MUX/ A/D converter/ Signal conditioning unit. Tlie DSP 
subsystem include first and second signal processing 
d^lces which oparate undertfie control at a primary m^ 
croprocsssorto control variouft functions of the i^Dap- 
so paratus Including tho switching functions of the A.C. 
stibsystflm 1" overcurrent and metering ranges, A sec- 
ond rplcroprocessor works with the primary microproc- 
essor ard controls the monitoring apti reporting of 
SCADA functions. 
23 IPOOTI Each transfonrter further Includes a normal 
mode surge and Impulse protection circuitTy. and a 
crowbar protacilon circuit for protection against signals 
that ans highar In positive polan'iy than a supply voltage 
+V, and aignals that have mare negative polarity than a 
30 supply voltage -V, Switching ciiouits of the 1£D perfbmn 
appropriate switching functions dapencling on whether 
the field current jn aprimaiy circuit of a respective trans- 
former Is within a materinfl range or an overcurrent 
range. A microprooeesor controls the functioning of 
35 each of the switching units in addition to providing such 
functions as anal09-to-digrta| conversion, muldplsxing 
functions, »t cetera. 

[pOOfl] (n one aspect, the present Invention provides 
a multifunction apparatus for monitoring and reporting 
40 electric signals on a distribution circuit Including a first 
systom for receiving input data from a field transformer; 
a digital algnal processor (DSP) system coupled to the 
first system; a microproceasor system coupled to the 
DSP ayetem; and the firat aystem jn combination with 
45 the DSP eyatem and the microprocessor syetem func- 
tioning to perform utIBty, naimonic content, and distrib- 
uted fault recording (DFR) functions. The first system 
preferably Includes a plurality of tranaformors, each 
transfonner operating with respect to one phase of the 
50 distribution cjrcuit; and a plurality of switching drculls, 
each circultcoupledtoa rasjpoctlvetranafomner and fur- 
ther adapted to ewltch to a first position or a second po- 
sition depending on whotherthe current flowing through 
a primary circuit of a respective tmnsfomier Is in a me- 
taring range or an ovarcunrem ran^e. circuit assembly 
for providing normal mode surge and impulse protec- 
tion. The circuit assembly preferably Includes a metal 
oxide varistor (MOV) andacapacitor. Aiso, aaecondaiy 
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circuit of each transfooner Includes a diode mirror circuit 
forprovlding crowbar protection againet signals that ara 
higtierin polarity than a supply voltage. 
I [0QQ9] In another aapsct, the present invention pro- 
I vides a muWfunction apparatus having an A,c. subaya- 
: tem which includoa a plurality of transfonners and a 
• switching circuit paaoclatad with each transforrner, a 
' niethod for rvionitorlng and porting electric signals by 
olBdrlcally coupling tho apparatus to a fidjd senaor: 
■ teedina data from the r|e|d seneor to th© A.C. auhaya- 
tem; causing ftach sswitchlng circuit to switch to ft first 
poaltlon or a second position depandlng on whether the 
current flowing through a primary circuit of a respective 
, transformer Is in a pnetering range or an ovejcurrent 
ranga. TVis method further Includes providing a digital 
sian^il prncDssor (DSP) to process data recelvad by the 
A.C, subsystem; pmvldlng a first microproceMor lor 
controlllpg software applications of the apparatus; and 
providing a second microprocessor for perfonning su- 
pervisory contn^l and data acqulsWon (SCADA) func- 
tksne. The method also includes providing a normal 
! mode eurge and Impulse protection circuit between the 
field sensor and the primary circuit of each transformer; 
I ' and controlling tho a,C. subsystem and the DSP by tho 
frrat mH^mproceasor. Th»method also prowidea crowbar 
proteetion against signals that are higher in polarity than 
a supply voltage* 

[Q0101 In yet anpfther aspect, t|io present Invention 
provides a mullifMnctjon apparatus tor monitoring apd 
reporting electric signals. Including a first aubsyatem for 
receiving Input data f rom a t|e|d sensor, the subsystem 
having a plurality of transformers, a plurality of switching 
circuits, each switching circuit capable of switching to a 
fiT»t position or a second posftion depending on whether 
the current flowing In a primary clicutt of a respective 
tranaformar Is In a metering rapga or an ovemurrert 
range; a digital signal procosfiornneans for processing 
data received by the first subsystemj and a microproc- 
essor means for controlling the tirat subsystem apdtha 

DSP means. 

[00111 The invention will now be described In greater 
detail, tiy >yay of ejcannplei with reference to the draw- 
ings, In which 

piGiURE 1 show? a high level blocK diagram em- 
bodying flie device of the present Ipventloni 

FIGURE 2 illuatraies a detailad circuit diagram of 
the multifunction Intelligent electronic device of the 
present invention for nwasuring signals of athrae- 
phBB« power lino; 

FIGURE 3 Illustrates a Digital Signal Processor 
(DSP) sul»-cy^tam of th* preeent Invention of Rgura 
1; 

FIGURE 4 depicts communlcaiions between the 
DSP dui^syscem, as shown In Figure 3, and the 
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flnain processor of the device. 

[00121 Referring now to fig. i . there Is shown a high 
ievel blocK diagram of the lED according to the present 
Invention. lED 10 generally includes an A.O. input sub- 
system 82, a digital sigr>al processor (DSP)subsyatenrt 
34, and amlcropiocesaor system 86. lED 10 j* coupled 
to afield TranBTcrmerao through afia|d imerface terminal 
l3lock P2, The field transformer BO may be a current 
transfomier (CD or a potential transformer (PT), Input 
data from the field transfbnner 80 is r»ce!ved by an A. 
C. input sub-system 82 vi/hich is responsible for moni- 
toring utility metering, hamionlccontent, anddlgitalfautt 
raeordlng (DFR) fpnctloos. The DSP subsystem B4 |n^ 
dudes first and second DSP devices 54. 56 (Figure 3) 
one of the devices bairig responsible for monitoring the 
functioning of the A.C, sulasystem B2 while the other Is 
responsible for moTiltoring DFR tuncdona. A microproc- 
essorsyatem B6 controlsthe overall operation of the lED 
device 10 including the functioning of the A.C. eubays^ 
tern S2 and the PSP 84, The microprocessor system 88 
Includes mlcrop|v>co33ore es, 70 (Figure 4). Mjcroproc- 
e8sor70 operates under the control of microprocessor 
eatD perfonn SCAD A functions. 
[0013] Referring now to Figure 2. there Is showp a de- 
tailed circuit diagram S2 of the A.C. input sqb^stem B2 
.of the multifunction lED 1 0, An input signal from a field 
transformer 80 la received In the terminal ptock P2 
through the first terminal block position P2-1 ■ The re- 
ceived signal entire conductor 11 ant^ ^xits through the 
seeopaiotminai blocK position P2-2 where conductor 1 1 
termlnatea. It should be noted inat field transfomier BO 
need not necesa&rlly be terminated atthe terminal block 
P2, rather the connecUona from tranaromier so may 
pass through to fti^ primary winding of transfomner Tl . 
Metal oxide varlstor (MOV) 13, apdcapacitorl 4 provide 
nontial mode surge and impulse protection to lED 10 
from surges in a respective phase of the power line- A 
clrcuitfonned by MOVs 15, 17, and capacjtDiB IS, 18 
provide common mod© surge and impulse protection to 
circuit crsated py conductor 11 . In the examplaiy am- 
loodlmerit of Figure 2, the A,c. input subsystem B2 Is 
discussed with TBspect to throe phaees, generally Iden- 
tified as phase 1 . phase 2, and phase 3. to explain the 
inventive concept without ambiguity. The present Inven- 
tion Is actually capable of operating on up to 1 4 phases 
of a d!Etributlon circuit 

pm4] Conductor 11 couples to the pn'mary winding 
of tmncformer n. current in the primaiy winding of 
transfomierTI Induces a magnotictield causing asignai 
to appear in the sqoondatV winding. Supply voltages +V 
and -V are provided to diodes 21 , £2, respectively. Di- 
odes 21 . 22 m«et the second winding at Junction 23 and 
provldacrowbarprotection against slgnalattifttare high- 
er in positive and negative polaiUles than supply voltag- 
es +V and -v, respectively. A switching integrated circuit 
(S|C) U2 is connected to the secondary wlndlpg and 
controlled by DSP 84 (Figure 3). DSP B4 is coupled to 
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ItehoACsubaystem B^throug^ an ^^^^^^^5°""*^'^ 
! DSP fiA Is controfled by at Isast one of the microproo- 
: es«tire 68, 70 (Figure 4). DSP 84 f^^verts anal^^^^^ 

nfll* 42 44, 46 to lilgita] signals Mng a MUX/ A/D con- 
l.va^Sgni condil^nlng unit (Wro 
!'Th.dl5^^i signals are Th«PPW^^^ 

3) which then wrlt« Intn a comprsssor [^Q'^^^^^^^^,^ 

logic dsvlca, reaultjng in aconlrol«gnal f °^vjce?^^^ 
' niure2. T^iecontroUtenal at device 32 te h.gh Mo^ 
. lag compression moda^hent^eanalogslgnate 42,44. 
' 4fl are in th© overcun-ent rang©. The control algnaim 
, , devICQ 32, hovtfaver, Ifi low when analog signals 4£, 44. 
46 are in tJie moterlng range, 

■ [00151 Tha SIC U2 having pins U2-10 & U2-11 ana 

■ oina il2--)4 & U2^15 enflagas resl^tanco 38 into the cir- 

• cult when the tloid current flowing t^^oligh the primary 
. wmcnngotn is In the metering range, thereby develop- 
ing a voltaga at pin o, the voitago being praporp^^^^^ 

• tothocurrentflowing in the primary vrflndmg oTTi . wnen 
the ftdid curram tlowing tHrough the primary winding of 
T1 Is in tha DVei^un^tit (DFR) range, resistance 39 la 
if,gag«d by closing contacts U2-£ &U2.3. U2-6 & U2-7 

; rn^Tpening contacts U2-14 & U2-10 E. 02-11 , 

■ thsraby dBveioping a voltage at pin IJ2"7. the voltaga 
' being pnsportional to the currant flowinfl in the pnrnaiy 

■ windingoftransformerTi.Thevoitflgedavalopadatpin 
U2-7 or pin U2^i 0 of SIC ua is now presented at p;n 3 

' of the operational Bfnplirier40 which buTfsns tha voliaga 
to provide a signal jdenttfied at 42, The signal Identified 

at 42 multlpltsxed with similar signals Identified at 44. > 
' 46 with respect to othar phases of the power Una. The 
: muItlpipstAd signal are oonvartBd to digital signals by 

MASS4ofthaDSP B4, 
' [001 6] The DSP B4 Include? two tilgltfil signal proces- 
!• sors (DSP1 54 & PSP2 5Q). DSP 84 further Includes 
' DSP I/O and DSP DFR applications ip eoflware form- 
i' One of DSpi 54 of DSP? 56 may be dedicated to the 

colleoflon of AC Input data. whl|e tha ot|ier may t« m- 

sponsible for parforrnlng DPR functions, -pie DSJ j/o 

• application nJns on DSP1 54and receives sampled data 
from WAS 64, procssw tha received sampled data, 
and reports the processed data to procasaor SB (Hgura 

' 4)throuflh aduaiportpiemQ'y72 (Figiire4).AnlnterTnpi 
routine running oh DSP 64 receives aamptea from IJie 
MAS 64 and copies tnem to primary Input buffers. Upon 
collecting data pertaining to a complate cycls, an inter- 
j rupt rauiln e of processor 6B seta a flag to inldata a main 
processing routine by correcting the magnitude compo- 
I nam of the data using correction factors Idsntif led by a 
i- user via a U£«r interface to oTfsal manutBClunng toler- 
ances In transformer BO. TTie correcbBd data is than 
transfomicd into frequency domain applying a Discrete 
FouriarTranstorm (PFT). Phaaecorrs<Alonlsperforrned 
on the transformed data to compensata Pjlf «« 
! shift Introduced by analog multiplexers of MAS 64. Tb^ 
I Harmonic Distortion (THD). Root^ean Square (RMS) 
h values for currents and voltages, activa. reactivsp and 
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apparent pw«r,powerfarfor, energy vaiuas, and sj^- 
n^^cal COTponante aye than computed by DSPI ^, 
S2 56 Lmdortha control of processor 6B. If a 60^50 
HZ filtering is enabled, then those values arecompi^ed 
uaingttie fundamental frequency component only, How- 
ever if eO/50 H? filtering is dialled, than these vajues 
are computed using all OF seriea ^tTicien^, The 
computed values are then copied into a duahport mem- 
ory 72 and an interrupt w processor 68 is l^ued. Tfie 
sampnngpariodlsiJien adjusted andpr^cesslngceases 

until the Interrupt routine sets the flag again, t^us indl- 
palingthatanothercycleoTdaiaisreadyforprocessIn^^^ 

TDfflT] The DSP PFR application rune on DSP2 58 
and receives sample data frem the AA3 converter of 
MAS 64, The DSP2 56 applies time stamps In the form 
of a Real Time C|ock and rBports the ti^estampa to 
processor 6B for furmer processing ioy the DFR Data 
Translation Application (DFR-DTA) residing In proces- 
sor 6B The DSP-DFR application communicates with 
the DFR-DTA application through shared memory ao 
ceaslble to both the DSp DFR and proce^«^J^f,y'^ 
terproceseor communication subeystflrp (ICOM) seTt- 
ware layer (not shown). ICOM Includes a component 
resident in the code for processor 68 and a rnlrrored 
component resident in Dsp2 5Q. The DSP DFR appii- 
cation functionalities includes boot and oonfrol of the 
DSP PFR processor in DSP2 SS, providing communl'- 
cation functions with prooaaaorea (i.e., provide the DSP 
side of ICOM subaystsm. now refen-«d to as 
iCOW-DSP). providing communication functions with 
the DFR DTA application running on pmcessor 68 ac- 
cording tothe DFB DJAflDSP Mosaaflo Protocol, read- 
ing data samples on th« A.C. analog inputs and provid- 
ing a time stamp to each of the analog Inputs received 
lay th© A.C. subsystem B2, and transfenlng data sanv 
pifts to the shared pnemory to be available to the DFR 
OTA application. 1 ED 10 Is furthercapabte of monitoring 
SCAPAf unctiope underthe control of proceasorTO (Fig- 
ure 4). Processor 70 communlcatea with procossor AS 
to distribute Its data and to mcehra contml operation 
commands. Thus, leo 10 of the present invention 
compllshes utility metering, harmonic content, and DFR 
functions while maintaining SCADA functionality and 
parformanc«. 

raOiai The operation of the A,C. sub-system of the 
lED IB explalnad with respect to a power l|n© consisting 
Of three phasea as illustrated In FIQUR^ 2. Circuit op- 
er^on with respect to phase i is explained in detail as 
aeifofth above. Operation of phases 2 and 3 are similar 
to the operation of phase 1 . The advantages of lED 1 0 
include its ability to accurately report in tha metenng as 
well as avercurrent(DFR) ranges. Further, the mo 10 
Interfacas with all popuiarf leldtranstormers, has low In- 
put impedance, widafr^quencir raaponseand operating 
temperature rapgos. It isfurtherimmunoio current over- 
loads apd eledromagnetlc IntetTerenca. THe lED ao- 
eompilshes high accuracy metering, harnioplc spao- 
trum. and wida dynamio range DFR njnctlon* while 
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Maintaining SCADA fundionBlity ei\<i portomiance. 
!nml9] Forthesak»ofgoodftni«r,variou6aapeel8of 
!the invention ai» set out |n ths following dauaoe: - 



IS 



SO 



1 . A mulUfunction apparatu* (1 0) for monitoring and 
repofTtng slectnc signals on a dtetrltJutlon drcmt, 
comprjslna: 

a first system (fl^) for racoiving input data from 
a flsid transformer 

B digN signal procaasor (DSP) system (84) 
cogplod to said Tirat fiyat^m'. 
a microprocessor eystem {m coupled to said 
DSPsyatem; and 

«9ldfir»t system In corriblnatlon with said DSP 
system aqc) said microprocecaor ayatam func- 
tfonlngtoparform utility, hannonic content and 
c^Istrjbuted fault lacordlng (DFR) functlona. 

a. The apparatus of GjaMce 1 vrtiorcin ealcj firat eys- » 
tern (fl2) coTTtpriees: 

a plurality of tranafonpens (T1 . T2. TS) each 
transformer operating witti respect to one 
phasff of thft diitilbution cinsulq and ^ 
a plurality of switching circuits (U2, U3, U4), 
oacti drcultcoupled to a recpectiva tnanstonnor 
(71 , T2» T3) and further adapted to switch to a 
first position or a second pofiition depandlng on 
whether the currant flowing through a primary 
circuit of a rospectlvo transfomier is Ip a meter- 
ing range or an ovancurrent range. 

3. The apparatus of clause 2 further compriaaa a 
circuit awenibly for providing nomnal mode «urge 35 
and Impulse protection. 

4. T>ie apparatus of clause 3 whareln said circuit 
assepibly comprisea a motaJ oxide varistor (MOV) 
(13) and a capacitor (14). 

5. The apparatus of clause 2 further oompriaes a 
drcult assembly (15. 16, 17, IS) for providing com- 
mon mode surge and impulse protection. 

6. The apparatus of clause 4 wherein a secondary 
circuit of efich tnansfoTmer includes a diode mioror 
circuit (21, 23) for providing crowbar protecflor^ 
againstsignalsthatarehlgherln polarity than asup- 
pty voltage. 

7. in a multlfundjon apparatus (10) having an 
aubsyfitem (02) wh|oh Includes a plurality of trans- 
formers CTI , T2, T3) and a switching circuit (U2, U3, 
U4) aaaocjatedwith eachtransforrnar, anwthodfor 
moriltoring and rspomngaiactric signals comprlalng 
the steps of: 
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atertrteally coupling the apparatus (10) to a 
field sensor; 

feeding data f^orn said field sensor to the A,c, 
subGVstfim (3)2; 

causing each said awltehl|ig circuit to switch to 
a firit position or a second position depending 
on whetherthe currentflowing through a prima- 
ry circuit of a jaspactlve transformer Is in a me- 
tering range or an overcurrent range* 

8. The method of clause 7 further comprising; 

providing a digital elgnai processor (DSP) (B4) 
to process da^a reived by saW subsys- 
tem; 

providing a first ftiicroprocessor (66) for oontroi- 
nngsofcware applications of the apparatus; and 
prDvldInga8econdmlcroprooesBor(70)forper^ 
forniing aupervisory control and data acqulsi- 
Ijon (SCADA) fUpcdons, 

The method of oiauae fl further comprising: 

providing a normal mode surge and imputeo 
pmtectlon circuit (1 3. 1 4) batwaen the field sen- 
sor and Ui« primaiy drouit of eadi transformer, 

controlling eald A.C. subsystem and said DSP 
by said first microprocesaor (68). 

1 0. The method of clause Q further compriaofi pro- 
viding a crowbar protection against signals that ape 
higher In polarity than a supply voltage. 

11 . The method of clause 1 0 wherein crowbar pm- 
tectlon Is provided by a diode rplnxir circuit (21 , 23), 

12. A multifunction apparatus (10) for monitoring 
and reporting electric signals, comprising: 

a firet sut«yct0m (B&) for receiving if^ut data 
from a field sensor, aajd subsystem haying a 
plurality of tranarormaTs(T1.T2,Ta), apluralliy 
of switching circuits (U2, U3. U4), each switch- 
ing circultcapable of switching to a firstposUlon 
or a second poaiilon depending on whetherthe 
cun-ont flowing in a primary circuit of a mapee- 
tive transformer Is in a meterinfl range or an 
overcurrent range; 

a digital signal processor means (B4) tor 
proeeflBing data received by said first subsys- 
tem; and 

a microprocessor means (fifl) for controlling 
said ftrtft subsystem and said DSP means. 

1 3. The apparatus of clause 12 further comprises a 
circuit assembly (ia, 14) forprovlding nonfnai mode 
surge and Impulse protection, 
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14s The apparatus of claua© 13 wherein eafddrcuil 
aBS9TTit)ly comprlHea a maim oxide varistor (MOV) 
af^d a capaclfpr, 

TUB apparatus nf c|ftus« 14 wherein a second- 
ary circuK of each transformer includes a djode mir- 
ror circuit (21, 23) for provldinfl crowbar protection 
agalntftelgnab that are higherln polarity than a sup- 
ply voltage. 



' claims 



1 . A multifunction apparatua {1 0) for tmonitortng and 
roportlns fliBCtilc signals on a dlstribirtlon circuit, 
comPTiaiPfli 

a first system (82) for r^cslving Input data from 
a field tranefOTTner; 

a digital signal prccesaor (DSP) system (84) 
coupled to said firat system; 
a microprocessor ^atem (86) coupted to said 
DSP system; and 

said fir« system In combination with said DSP 
system anc| said mfcroproceasorcyatem f^n^ 
tloning to perfomri utility* harmonic oontant, and 
distributed fault raccrdlna (DFR) function*, 

2, The apparatus of cjalm 1 wherein said first system 
(82) compriaeft: 

a plurality cf transfonriera (Tl » "^8) eaCh 
tran«foTmor operating wi^h respect to one 
phase oi tha dletributioi) circuit; and 
a plurality oT switching circuits (U2» US, U4), 
each circuit coupledto a reBpective transfomier 
(Tl , T2, T3) and further adapted to switch to a 
first position oraaecondposiflon depending on 
whether the current flowfrig through a prlrriary 
circuit of a respecth/e tranafomior |s in a meter- 
Ing range or an cvemtttdnt range. 

3, TTie apparatus of daim further oompri*ce a drcuft 
assembly for providing normal mode surge and Im- 
pulse proiectlqn. 

4. The apparatus of claim 3 wherein said circuit as- 
sembly comprieas a m»tal oxide vartetor(VlOV) (13) 
and a capacitor (14). 

5. Amothod of monitoring and reportln electric signals 
In a multifunction apparatus (10) having an A.C. 
subsystem (a2)whlch includes a plurality of trans- 
formats (Tl , T2, T3) and a switching circuit (U2, us, 
U4) asflociafed wittl each trarstonmer^ the method 
oomprielng the steps of: 

fllactrteaHy coupling ^e apparatus (10) to a 



field sensor; ^ ^ ^ 

feeding data from sftld frnW sapsor to th© A.C. 

aubsysrem (82); .^^^ 
causing Mch said switching circuit to switch to 
5 a f list poBlflon or a second position depending 

on whetharthe currant flowing through a prima- 
ry cinsult of a respective transfomier (a In a me- 
tering rftpge cr an gvercun-ant range. 

to 6, themethodof claim 5 further oomprlslpS' 

providing a digital signal procBa3or(DSP) (84) 
to process data received by aajd A.C. subsys- 
tem; 

15 pHDvlding aflrat microprocessor (68) for control- 

ling softwaiB applications of the apparatus; and 
providing aaccond micfoproceseor (70) forper- 
fopnlng sppervfaory control end data acquisi- 
tion (SCADA) functions. 
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7. The method of claim 8 further compnaing: 

providing a nerval mcdo surge ancj Impulse 
protection circuit (13, 14) between mefleldsen- 
aor and the prlmao' circuit uf each transformer, 
and 

controlling eald A.c. subsystem and safd DSP 
by said first microprocessor (68), 

A multifunction apparatus (10) for monitoring and 
reporting electric signals, comprising; 

a first subsystem (fl2) for receiving Input data 
f^om a field sonsor, said sMbsyBtam having a 
plurality of tnansformera (T1 , T2,T3), a plurality 
of switching circutte (U2. US, U4), each switch- 
ing circuit capable of switching to a f imt position 
or a second position depending on wheihertho 
current flowing |n a primary circuit of a naspeo- 
tjve transformer Is in a metering range or an 
overcurrent range; 

a digital signal processor moans (64) for 
processing data pacelved py said first subsys- 
tem; and 

a micrxjprocessDr means 85 for controlling said 
first subsystem and said DSP means. 



9, Thaapparatusofol^BfunharcompriseBaclrcuU 
assembly (13, 14) for providing nomial mode surge 

so and impulee protection, 

10. The apparatus of claim P wherein said circuit as- 
' sembiycompriaesametal oxide varistor (MOV) and 

a capacitor. 
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